Parasitic chytrid fungi have emerged as a significant threat to amphibian species worldwide, 84 necessitating the development of techniques to isolate these pathogens into sterile culture for 85 research purposes. However, early methods of isolating chytrids from their hosts relied on 86 killing amphibians. We modified a pre-existing protocol for isolating chytrids from infected 87 animals to use toe clips and biopsies from toe webbing rather than euthanizing hosts, and 88 distributed the protocol to interested researchers worldwide as part of the BiodivERsA 89 project RACE; here called the RML protocol. In tandem, we developed a lethal procedure for 90 isolating chytrids from tadpole mouthparts. Reviewing a database of use a decade after their 91 inception, we find that these methods have been widely applied across at least 5 continents, 92 23 countries and in 62 amphibian species, and have been successfully used to isolate chytrids 93 in remote field locations. Isolation of chytrids by the non-lethal RML protocol occured in 94 18% of attempts with 207 fungal isolates and three species of chytrid being recovered. 95
Isolation of chytrids from tadpoles occured in 43% of attempts with 334 fungal isolates of 96 one species (Batrachochytrium dendrobatidis) being recovered. Together, these methods 97 have resulted in a significant reduction and refinement of our use of threatened amphibian 98 species and have improved our ability to work with this important group of emerging fungal 99 pathogens.
INTRODUCTION 101
A major consequence of globalisation has been the increase of invasive species owing to 102 trade in live animals and plants. A further outcome of this process is the concomitant rise of 103 novel emerging fungal pathogens (EFPs; (Farrer et al. 2017) ) as these infections are moved 104 within trade networks and establish in uninfected regions -an example of fungal 'pathogen 105 pollution' (Fisher et al. 2012 protocol was able to isolate other species of chytrid that are part of the amphibian skin 149 microbiota, and that may present a biosecurity risk. This need to more broadly characterise 150 global chytrid biodiversity was met by using resources from RACE to train researchers 151 worldwide in chytrid isolation techniques to provide opportunities to characterise novel 152 chytrids as they were discovered. 153
In addition to the non-lethal isolation protocol, a lethal method was developed in parallel to 154 isolate chytrids from the mouthparts of larval amphibians. We describe this method as a 155 refinement to the main isolation protocol. 156
METHODS 157
Non-lethal field isolation of chytrids 158 
Collation of data 235
To track and report chytrid isolation for the RACE project, we used a generic data collection 236 tool that allows the collection and submission of geotagged data forms from field locations, 237 amphibian species, of which 28 were anuran and 5 were caudatan species. Of the Bd isolated, 258 170 (80%) were determined to be BdGPL, 5 (2%) were BdCAPE, 34 (16%) were 259
BdBRAZIL, 1 (>1%) was BdCH and 3 (1%) were hybrids. The database also contains 5 260 records of chytrids that were non-lethally sampled from the amphibian trade. 261
Non-lethal isolation from adult and juvenile amphibians 262
In total, 1,152 animals were non-lethally sampled, recovering 207 chytrid isolates and 263 resulting in a recovery rate of 18% (~1 isolate per 5 animals sampled). Of these chytrids, 203 264 (98%) were Bd, 2 were Rhizophydium sp., 2 were Kappamyces sp. and none were Bsal (Table  265 1). Of the Bd isolated, 42 (88%) were determined to be BdGPL, 5 (10%) were BdCAPE, and 266 1 (2%) was BdCH. 267
Isolation of chytrids from larval amphibians 268
In total, 784 tadpoles were sampled recovering 334 chytrid isolates and resulting in a 269 recovery rate of 43% (~1 isolate per 2 -3 animals sampled). Isolates were recovered from 34 270 species of amphibian, all of which were anurans. These chytrid isolates were all Bd and, of 271 the lineages recorded, 128 (78%) were BdGPL, 34 (20%) were BdBRAZIL and 3 (2%) were 272
hybrids. 273
Baiting chytrid isolates from live adult animals using tadpoles was used successfully in South 274
Korean Bombina orientalis as previously described (Bataille et al. 2013 Clearly some uncontrolled biases and unanswered questions in these studies need attention. 299
First, the majority of Bd isolates belong to the BdGPL lineage. This could be because this 300 lineage is more widespread (and therefore more readily recovered) than other lineages (James 301 et al. 2015) , or it could be that the intensity of BdGPL infections and/or the rate of zoospore 302 production is higher than for other lineages, which would also equate to a higher rate of 303 isolation. To achieve a true and unbiased understanding of the distribution of these lineages, a 304 lineage-specific diagnostic will need to be developed and deployed. Second, if lineage-305 specific differences in the probability of successful isolation exist, then mixed infections 306 where these lineages co-occur may not be detected. This can be controlled for by isolating 307 and genotyping many isolates from a single host and population, although this may not fully 308 account for this bias. A related bias is that not all infectious species of chytrid will respond 309 equally to culturing attempts. For instance, despite known attempts to isolate Bsal fromacross its endemic southeast Asian range using the protocol, to date no successful isolations 311 of Bsal have been recorded. This is likely due to a combination of the low prevalence and 312 burden of infection in salamanders and newts combined with the low initial growth-rate of 313
Bsal (Martel et al. 2013; Laking et al. 2017) . With the RML protocol, however, workers have 314 been able to isolate non-Bd species of chytrid (e.g., Kappamyces spp. and Rhizophydium sp. 315 Table 1 ). This diversity likely represents only a fraction of the diversity of amphibian-316 associated chytrids that occur, and non-biased estimators of this diversity by, for instance, 317 profiling the nuclear ribosomal RNA cistron (Schoch et al. 2012) , are sorely needed. 318
In this age of the global amphibian crisis, research on the effects of chytrid infections is 319 transitioning to attempts to mitigate their impacts (Schmeller et al. 2014; Garner et al. 2016 ; 320 Canessa et al. 2018 ). Both of these research streams benefit from the availability of chytrid 321
isolates, but the ethics behind these research programs can be improved. To that end, our data 322 on isolation success suggest that tadpoles are a better target for isolation than metamorphosed 323 animals. This is to some degree unfortunate, because isolation from tadpoles requires killing. 324
However we have outlined one refinement where captive reared tadpoles can be used to 'bait' 325 infections from wild-caught amphibians to isolate chytrids without killing adult amphibians. 326
Here, it is important to recognise that amphibians which have been co-housed in collections 327
should not be returned to the wild due to the danger of cross-transmission of pathogens 328 during husbandry (Walker et al. 2008 ). If it is necessary to isolate chytrids directly from wild 329 tadpoles without using bait animals, we suggest that researchers focus on more fecund 330 species with long larval periods as the focal species in aquatic amphibian communities. 331
Removal of small numbers of tadpoles when clutch sizes are in the hundreds or thousands 332 means that removals will have an insignificant ecological impact; for this reason sacrificing 333 tadpoles is preferable to killing adult animals. 334
The extent to which toe-clipping effects the fitness of amphibians has been much debated 335 paid to this issue, however, and, where appropriate, survival estimates should be undertaken 341 to determine the health implications of this procedure. Also, antiseptic and analgesicprotocols can be considered to ensure that wounds where tissue samples are excised are at 343 low risk of secondary infection (Chevalier et al. 2017) . 344
In summary, modification of Longcore's original Bd-isolation protocol (Longcore et al. 345 1999) has enabled a broad community of scientists to engage with research on emerging 346 chytrid pathogens of amphibians. This research has had an impact worldwide, and is 347 contributing to the ongoing dialogue that is occurring between scientists, conservationists and 348
policy-makers about how we might mitigate against these infections now and into the future. 
